Introduction: Endothelial dysfunction is a central etiologic factor in the development of atherosclerosis and systemic vascular disease, which includes erectile dysfunction. YKL-40 has been suggested to be a new marker of inflammation, atherosclerosis, and endothelial dysfunction. Aim: To estimate serum levels of YKL40, as a new serum marker of endothelial dysfunction, in patients with arteriogenic erectile dysfunction. Patients and Methods: Hundred subjects including 50 with arteriogenic erectile dysfunction and 50 healthy as a control group were enrolled to the study. Serum YKL-40 levels were measured in patients and controls using ELISA technique. Results: Serum YKL-40 levels was significantly elevated in arteriogenic ED patients compared with controls. Positive significant correlations were found between serum levels of YKL40 and patients' age (r=0.588, p=0.001), duration of erectile dysfunction (r=0.673, p=0.001), BMI (r=0.598, p=0.001). The patients with hypertension had significantly elevated YKL-40 levels than those who were normotensive (164.88 ± 191.73 Vs 60.22 ± 26.44, respectively). Conclusion: Serum levels of YKL-40 are elevated in arteriogenic ED patients denoting that endothelial dysfunction play a role in the pathogenesis of arteriogenic ED and YKL-40 as a novel marker of endothelial dysfunction could be a marker of arteriogenic erectile dysfunction.
INTRODUCTION
Erectile dysfunction (ED) is defined as the inability to attain or maintain an erection sufficient for satisfactory sexual performance. The nature of men's erections diminishes gradually over time. Therefore, men may have doubts whether their erectile troubles are lasting or brief. The distress of having erectile dysfunction symptoms may prompt to denial of the problem [1] .
Cardiovascular disease and erectile dysfunction have several prevalent risk factors with for example, obesity, metabolic syndrome, and smoking, lack of exercise, diabetes, and hypercholesterolemia. Erectile dysfunction was more common in men with a body mass index (BMI) of 30 or more [2] .
Erectile dysfunction, aging, and endothelial dysfunction are closely related to each other. Minor risk factors such as inflammation, hypoxia, oxidative stress, and hyperhomocysteinemia are additionally related to ED and endothelial dysfunction. Organic ED comprise up to 80% of cases, while vascular disease is the most common pathophysiology of ED [3] .
In the presence or absence of cardiovascular risk factors, ED might be an early manifestation of endothelial dysfunction. Therefore, men with ED might be at increased risk for cardiovascular risks and ED might be considered as a sentinel symptom in patients with mysterious cardiovascular disease (CVD) [4] .
YKL-40 is a chitinase-like protein. It is expressed by different cell types, including neutrophils and macrophages, while macrophages have been recognized as its main cellular source. Monocytes do not express YKL-40, and YKL-40 expression appears to be associated with later stages of macrophage differentiation. Although its biological function is largely unknown, YKL-40 has been suggested to have a role in a variety of processes, including epithelial-mesenchymal transition, migration and proliferation of malignant cells, angiogenesis, tissue remodeling and inflammation [5] .
The knowledge of YKL-40 as an early marker of endothelial dysfunction indicates that YKL-40 could possibly correlate with other early markers of endothelial activation and/or dysfunction. YKL-40 levels were found to be higher in individuals with macrovascular complications [6] .
AIM
The aim of the present study was to estimate the levels of YKL40 as a serum marker of endothelial dysfunction in patient with arteriogenic erectile dysfunction.
PATIENTS AND METHODS
This case-control study included 50 male patients aged between 2550-years old with arteriogenic erectile dysfunction (the diagnosis was confirmed by penile duplex ultrasonography), and 50 healthy age and BMI matched males as a control group not complaining of ED. Patients with psychogenic erectile dysfunction and other causes of organic ED or those > 50 years old were excluded from the study.
Methods

History taking and clinical examination
Full medical history taken from the patients stressing on, age , onset, course and duration of ED, lifestyle behaviors (smoking ), history of drug intake, systemic diseases, and any surgical operations.
General and local examinations: stressing on other causes of erectile dysfunction.
Clinical anthropometry including: weight, height and BMI (Kg/m2).
Laboratory investigations:
Blood sampling: 5 mls venous blood samples were withdrawn from each patient and control subject using serum separator tubes. Samples were allowed to clot for 30 mins at room temperature, then were centrifugated for 15 mins at 1000 Xg. Serum was separated, aliquoted and stored at -20 C˚. Serum of patients was used for measuring YKL-40, cholesterol, triglycerides, and HDL-C. Serum YKL40 levels was measured using ELISA kits which was provided by WKEA MED SUPPLIES CORP, Changchun 130012, China, according to the manufacurerʹs instructions. Briefly this assay employs the quantitative sandwich enzyme immunoassay technique. A monoclonal antibody specific for human YKL-40 has been pre-coated onto a microplate. Standards and samples were pipetted into the wells and any YKL-40 present was bound by the immobilized antibody. After washing away any unbound substances, an enzymelinked polyclonal antibody specific for human YKL-40 was added to the wells. Following a wash to remove any unbound antibody-enzyme reagent, a substance solution was added to the wells and color develops in proportion to the amount of YKL-40 bound in the initial step. The color development was stopped and the intensity of the color was measured [7] .
Statistical Analyses
The data collected were tabulated and analyzed using the Statistical Program for Social Science (version 20; SPSS Inc., Chicago, Illinois, USA). Categorical data were presented as number and percentages, whereas quantitative data were expressed as mean ± SD and range. The continuous variables between 2 groups were compared with Student t test. The categorical data were assessed through Pearson's chi-square test. Whereas χ2-test was used to compare frequencies. Pearson correlation was used to determine relationships. P value <0.05 was considered statistically significant.
RESULTS
The study population consisted of 50 arteriogenic ED patients (mean age 36.06± 6.75years) and 50 controls (mean age 37.76 ±5.97 years). The age and BMI distributions did not differ significantly between the groups. There was no significant difference between patients and controls as regards smoking, alcohol, and diabetes, The incidence of hypertension was significantly higher in ED group 39 (78%) patients as compared to controls 21 (42%); p = 0.001.
The clinical and laboratory characteristics of arteriogenic ED patients and the control subjects are presented in Table 1 .
Serum YKL40 levels was significantly higher in ED patients than controls (141.85 ± 174.84 vs 62.94±
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43.34; p= 0.003). The difference between ED patients and controls in lipid profile was insignificant (p˃ 0.05).
The mean serum levels of YKL-40 in hypertensive ED patients (164.88 ±191.73ng/mL) was significantly higher (P<0.05) than that measured in serum samples of non-hypertensive patients (60.22± 26.44 ng/mL). No significant differences were observed in serum YKL-40 levels measured amongst diabetics' vs. non diabetics or smokers' vs. nonsmokers ED patients Table 2 .
Serum levels of YKL40 correlated positively with age of patients (r=0.588; p<0.001), duration of erectile dysfunction (r=0.673; p<0.001), and BMI (r= 0.598; p<0.001) (Fig 1 -3) .
ROC curve of YKL-40 levels were shown in Fig.4 . The optimum cut-off value of YKL-40 concentration was 50 ng/ml for distinguishing arteriogenic ED patients from healthy controls, with 85% sensitivity, 68% specificity and 73% accuracy. 
DISCUSSION
YKL-40 is a marker of inflammation and endothelial dysfunction. It is a growth factor for several cell types and has a known role in extra cellular matrix remodeling and angiogenesis. YKL-40 plays an important role in processes during the early stages of atherosclerosis; moreover, it seems to be of pathogenic importance in the low-grade inflammation that precedes the development of cardiovascular disease [8] .
Sexual dysfunction is considered to be of vascular origin in the majority of the patients, due to atherosclerotic lesions of the penile arteries. Therefore, it is thus not surprising that sexual dysfunction is more frequently seen in patients with cardiovascular disease with risk factors than in individuals without such conditions. Epidemiological data indicate that sexual dysfunction is frequently found in hypertensive patients and its prevalence is even higher when other cardiovascular risk factors co-exist [9] .
This study shows that serum marker YKL 40 is significantly higher in arteriogenic ED patients compared with controls. This study demonstrated for the first time the association between serum markerYKL40 as an early marker of endothelial dysfunction with arteriogenic erectile dysfunction.
Behr-Roussel et al., [10] , reported that men with early atherosclerosis and coronary endothelial dysfunction have increased prevalence of ED compared with men with normal coronary endothelial function.
Endothelial dysfunction is found in patients with ED, particularly in the early phase of the disease. In a later phase, other factors, such as decreased arterial flow of hypogastric/ pundendal arteries, cavernosal fibrosis, and hypoxia, cause and maintain sexual dysfunction [11, 12] . The role of the penile endothelium in the erection process is by producing nitric oxide (NO), which is responsible for the dilation of the penile artery, relaxation of the corpus cavernosa and consequently erection. Thus, dysfunction of the penile endothelium, as found in some disorders, might play an important role in the pathophysiology of ED [13] .
Endothelial dysfunction has been related to most risk factors for atherosclerosis, such as diabetes, dyslipidemia, hypertension, smoking, aging, and obesity [14] .
The presence of many risk factors, each playing a role in the development of impaired NO bioavailability by different mechanism. Accordingly, endothelial function in the coronary circulation was found to be inversely associated with the number of risk factors [15] .
The present study shows that 39 (78%) arteriogenic ED patients are hypertensive which has an important role in pathophysiology of ED, this was in accordance with other studies [16, 17] .
The patient's risk-factor profile is not the only determinant of endothelial dysfunction. Low-grade subclinical inflammation has been identified as an additional factor affecting endothelial function in all stages of the atherosclerotic process [18] .
In the present study, the mean serum levels of YKL-40 in hypertensive ED patients was significantly higher (P<0.05) than that measured in serum samples of non-hypertensive patients.
As regards HTN, as another risk factor of endothelial dysfunction, Li et al., [19] and Munzel et al., [20] , found that hypertension-related endothelial dysfunction has been found to be the result of increased production of ROS or increased nitric oxide breakdown. In hypertensive patients, endothelial function has been related to target organ vascular damage.
Data supporting the clinical significance of endothelial dysfunction came from the associations with microvascular and macrovascular alterations, and there by with target organ damage, early in the course of essential hypertension. This suggests that endothelial dysfunction, that precedes microvascular and macrovascular alterations, may be used as an early diagnostic marker of preclinical target organ damage both in high-risk populations in which vascular damage is already established and in low-risk individuals who will benefit most by more aggressive treatment [21] .
In the present study, we demonstrated a positive significant correlation between serum levels of YKL40 and age of patients. Ungvari et al., [22] , showed that vascular endothelial dysfunction develops with increased age in humans in the absence of clinical CVD and major risk factors for CVD. Reduced fibrinolytic function, increased leucocyte adhesion and/or other markers of endothelial dysfunction have been observed in older compared with young adult humans.
Increasing age has been considered as one of the main factors that predisposes people to endothelial dysfunction. The mechanism of endothelial dysfunction during the aging process is accompanied by inbalance between a reduction of NO bioavailability and an increase in the production of cyclooxygenase-derived vasoconstrictor factors. It has been reported that there is a reduced expression and activity of eNOS as well as a decreased expression of NO and its activity. While endothelium-derived contracting factors, such as ET-1 and cyclooxygenase-derived prostanoids, and ROS production are increased. Plasma levels of ADMA are also known to rise with increased age [23] .
Furthermore, in this study, a positive significant correlation was found between serum level of YKL40 and duration of erectile dysfunction, indicating more pathological changes in endothelium occurring with the increase in the duration of ED. ED and vascular diseases share a similar pathogenic involvement of NO pathway leading to impairment of endotheliumdependent vasodilatation (early phase) and structural vascular abnormalities (late phase). ED may be considered to be the clinical manifestation of penile circulation disease that is frequently part of major vascular diseases and that may be an early marker of subclinical atherosclerosis [4] .
The results of the present study indicate that YKL-40 was positively correlated with BMI of patients. Obesity is a major risk factor for the metabolic syndrome, vascular disease, diabetes, hypertension, endothelial dysfunction and androgen deficiency, all of which have a role in the pathophysiology of erectile dysfunction. Approximately 25% of obese individuals have metabolic syndrome and obesity, as manifested by an increased body mass index, waist circumference and waist-to-hip ratio, which are responsibe of increased prevalence of ED [24] .Visceral adipose tissue secretes a host of biochemical modulators and proinflammatory factors contributing to systemic and peripheral vascular inflammation. These include interleukin (IL)-6, IL-1b, plasminogen activator inhibitor-1 (PAI-1), tumor necrosis factor-α (TNFα), angiotensinogen, angiotensin-converting enzyme, vascular endothelial growth factor, and serum amyloid A. Adipokines are considered to facilitate monocyte adhesion and migration into the vascular wall and the conversion of monoctyes to macrophages [25] . Increased levels of TNFα cause the enhanced expression of adhesion molecules in both the endothelium and in vascular smooth muscle cells, and IL-6 stimulates liver production of C-reactive protein, a nonspecific marker of vascular inflammation. Another mechanism was suggested, a mechanism whereby TNF α released from fat stores surrounding a vessel may contribute to the dysregulation of insulin modulation of endothelin-1 mediated vasoconstriction and NOmediated vasodilatation favoring vasoconstriction [26] .
CONCLUSION
In conclusion, serum levels of YKL-40 are elevated in arteriogenic ED patients. It could be a novel marker of endothelial dysfunction especially in hypertensive patients. The results need to be further verified by other studies.
